Microglia regulate brain development through many processes, such as promoting neurogenesis, supporting cell survival, and phagocytizing progenitor, newly-born, and dying cells. Many of these same developmental processes show robust sex differences, yet very few studies have assessed sex differences in microglia function during development. Hormonally-induced sexual differentiation of the brain occurs during the perinatal period, thus we examined sex differences in microglial morphology, phagocytosis, and proliferation in the hippocampus during the early postnatal period. We found that the neonatal female hippocampus had significantly more microglia with phagocytic cups than the male hippocampus. We subsequently found that female microglia phagocytized more neural progenitor cells and healthy cells compared to males, but there were no sex differences in the number of newly-born or dying cells targeted by microglial phagocytosis. We found that the number of phagocytic microglia in females was reduced to male-typical levels by treatment with estradiol, the hormone responsible for masculinizing the rodent brain. Females also had higher expression of several phagocytic pathway genes in the hippocampus compared to males. In contrast to robust sex differences in phagocytic microglia, we found no sex differences in the number of microglia with amoeboid, transitioning, or ramified morphologies or differences in three-dimensional reconstructions of microglial morphology. While we did not find a baseline sex difference in microglial proliferation during or following the prenatal gonadal hormone surge in males, we found that estradiol treatment increased microglia proliferation in females. Overall, these data show that there are important sex differences in microglia function in the hippocampus during the early neonatal period.
a b s t r a c t
Microglia regulate brain development through many processes, such as promoting neurogenesis, supporting cell survival, and phagocytizing progenitor, newly-born, and dying cells. Many of these same developmental processes show robust sex differences, yet very few studies have assessed sex differences in microglia function during development. Hormonally-induced sexual differentiation of the brain occurs during the perinatal period, thus we examined sex differences in microglial morphology, phagocytosis, and proliferation in the hippocampus during the early postnatal period. We found that the neonatal female hippocampus had significantly more microglia with phagocytic cups than the male hippocampus. We subsequently found that female microglia phagocytized more neural progenitor cells and healthy cells compared to males, but there were no sex differences in the number of newly-born or dying cells targeted by microglial phagocytosis. We found that the number of phagocytic microglia in females was reduced to male-typical levels by treatment with estradiol, the hormone responsible for masculinizing the rodent brain. Females also had higher expression of several phagocytic pathway genes in the hippocampus compared to males. In contrast to robust sex differences in phagocytic microglia, we found no sex differences in the number of microglia with amoeboid, transitioning, or ramified morphologies or differences in three-dimensional reconstructions of microglial morphology. While we did not find a baseline sex difference in microglial proliferation during or following the prenatal gonadal hormone surge in males, we found that estradiol treatment increased microglia proliferation in females. Overall, these data show that there are important sex differences in microglia function in the hippocampus during the early neonatal period.
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Introduction
Sexual differentiation of the rodent brain occurs during the perinatal period. The male testes produce a surge in testosterone that begins at embryonic day (E) 18, peaks at E20, and concludes on the day of birth (Rhoda et al., 1984; Weisz and Ward, 1980) . Testosterone is converted to estradiol in the developing brain by the enzyme, p450 aromatase, and estradiol in turn acts on estrogen receptors to masculinize and defeminize the brain (Forger et al., 2016; McCarthy et al., 2008) . Rodents are sensitive to the masculinizing and defeminizing effects of estradiol throughout the first postnatal week, thus females can be masculinized during the early postnatal period via exogenous treatment with estradiol in the early postnatal period (Bowers et al., 2010; Nugent et al., 2015) . During brain development, estradiol drives sex differences in cell proliferation, dendritic spine patterning, cell death, and neural and glial cell complexity in several brain areas, including the hippocampus, amygdala, hypothalamus and preoptic area (Ahern et al., 2013; Amateau and McCarthy, 2004; Bowers et al., 2010; Krebs-Kraft et al., 2010; Lenz et al., 2013) . Interestingly, some of these same developmental processes are known to be regulated by microglia, the primary innate immune cells of the brain. Yet, little is known regarding the extent to which microglia are sexually dimorphic in the immature brain and whether they regulate the process of sexual differentiation.
Microglia colonize the rodent brain beginning at approximately E8 (Alliot et al., 1999; Ginhoux et al., 2010) . In the perinatal brain, microglia secrete a variety of diffusible factors that support cell survival and proliferation (Shigemoto-Mogami et al., 2014; Ueno et al., 2013) . Microglia also remove synapses and dying cells via a process of engulfment and degradation, called phagocytosis (Cunningham et al., 2013; Schafer et al., 2012 
